Metallicity is expected to influence not only the lives of massive stars but also the outcome of their deaths as supernovae (SNe) and gamma-ray bursts (GRBs). However, there are surprisingly few direct measurements of the local metallicities of different flavors of core-collapse SNe. Here we present the largest existing set of host-galaxy spectra with H II region emission lines at the sites of 35 stripped-envelope core-collapse SNe. We derive local oxygen abundances in a robust manner in order to constrain the SN Ib/c progenitor population. We obtain spectra at the SN sites, include SNe from targeted and untargeted surveys, and perform the abundance determinations using three different oxygen-abundance calibrations. The sites of SNe Ic (the demise of the most heavily stripped stars, having lost both H and He layers) are systematically more metal rich than those of SNe Ib (arising from stars that retained their He layer) in all calibrations. A Kolmogorov-Smirnov test yields the very low probability of 1% that SN Ib and SN Ic environment abundances, which are different on average by ∼0.2 dex (in the Pettini & Pagel scale), are drawn from the same parent population. Broad-lined SNe Ic (without GRBs) occur at metallicities between those of SNe Ib and SNe Ic. Lastly, we find that the host-galaxy central oxygen abundance is not a good indicator of the local SN metallicity; hence, large-scale SN surveys need to obtain local abundance measurements in order to quantify the impact of metallicity on stellar death.
1. INTRODUCTION Understanding the progenitors of the most energetic cosmic explosions, particularly gamma-ray bursts (GRBs) and supernovae (SNe), is a grand pursuit. Known already from their spectra is that strippedenvelope core-collapse SNe (CCSNe; "stripped SNe" hereafter) have progressively (from Types IIb to Ib to Ic) larger amounts of their outer hydrogen and helium envelopes removed prior to explosion (e.g., Clocchiatti et al. 1996; Filippenko 1997) . However, the dominant mechanism of stripping is not well known, nor are basic quantities such as the mass and metallicity of their stellar progenitors. The exciting connection between long-duration GRBs and broad-lined SNe Ic (SNe Ic-bl) and the existence of SNe Ic-bl without observed GRBs (see Woosley & Bloom 2006 for a review) raises the question of what distinguishes a GRB progenitor from that of an ordinary SN Ic-bl without a GRB. Clear knowledge of the stellar progenitors of various explosions is essential for understanding the endpoints of stars over a broad mass range and for mapping the chemical enrichment history of the universe (Nomoto et al. 2006) .
Two progenitor channels have been proposed for stripped SNe: either single massive Wolf-Rayet (WR) stars with main-sequence (MS) masses of 30 M ⊙ that have experienced mass loss during the MS and WR stages (e.g., Filippenko & Sargent 1985; Woosley et al. 1993) , or binaries from lower-mass He stars that have been stripped of their outer envelopes through interaction (Podsiadlowski et al. 2004 , and references therein), or a combination of both. Attempts to directly identify SN Ib/c progenitors in pre-explosion images have not yet been successful (e.g., Gal-Yam et al. 2005; Maund et al. 2005; Smartt 2009 ).
A more indirect but very powerful approach is to study the environments of a large sample of CCSNe in order to discern systematic trends that characterize their stellar populations. SNe Ic tend to be found in the brightest regions of their host galaxies (Kelly et al. 2008) and are more closely associated with H II regions than SNe II (Anderson & James 2008, and references therein) . SNe Ib also tend to be found in bright regions of their respective hosts, less closely coupled than SNe Ic but more so than SNe II. This evidence suggests the progenitors of SNe Ib/c may thus be more massive than those of SNe II, which are ∼ 8-16 M ⊙ (see Smartt 2009 for a review). Other studies attempt to measure the metallicity by using the SN host-galaxy luminosity as a proxy (Prantzos & Boissier 2003; Arcavi et al. 2010) , or by using the metallicity of the galaxy center measured from Sloan Digital Sky Survey (SDSS) spectra (Prieto et al. 2008 ) to extrapolate to that at the SN position (Boissier & Prantzos 2009) .
Those prior metallicity studies do not directly probe the local environment of each SN (which is different from the galaxy center due to metallicity gradients), nor do they differentiate between the different SN subtypes. Here we present a statistically significant sample of stripped SNe (SNe IIb and Ib, SNe Ic, and SNe Ic-bl) with robust, uniform, and direct determinations of their local metallicity in order to quantify the impact of metallicity on massive stellar deaths, building on our previous work (Modjaz et al. 2008) . We note that in the final stages of this research, Anderson et al. (2010) reported on a similar topic; we briefly note the differences in the sample and results below.
2. THE SUPERNOVA SAMPLE AND ASSOCIATED HOST GALAXIES In Table 1 , we present the SN sample for which we measured local metallicities. It consists of 35 low-redshift (z < 0.18) stripped SNe, selected from the International Astronomical Union Circulars (IAUCs) 6 according to the following criteria: (1) well-determined SN subtype, (2) discovered in targeted and untargeted surveys, and (3) H II region emission at the position of the SN (within our slit width of 1 ′′ , see § 3), as seen in our spectra, with which to directly determine the metallicity at the SN site. We discuss the potential impact of our selection effects in § 5.1. While our sample is heterogeneous and not complete, we have good reasons to believe that it gives a fair representation of the kinds of environments that give rise to observed stripped CCSNe. Besides having SNe from traditional searches (e.g., the Lick Observatory SN Search; Filippenko et al. 2001 ) that target luminous galaxies, we include SNe from untargeted surveys (e.g., SDSS, Nearby SN Factory; see Modjaz et al. 2008 for more detailed discussion) in order to mitigate any potential metallicity bias: since SN host galaxies in targeted searches are preferentially more luminous, they are usually also more metal rich (Tremonti et al. 2004) .
Furthermore, we include host-galaxy spectra of the broad-lined SNe Ic without observed GRBs presented by Modjaz et al. (2008) , which were reduced and analyzed in the same fashion as the data presented here. For completeness, we also include metallicity measurements of all spectroscopically confirmed GRB-SNe (Modjaz et al. 2008 , and references therein; Christensen et al. 2008; Chornock et al. 2010; Starling et al. 2010 ).
The total sample of SNe Ib, Ic, and Ic-bl whose local metallicities we are analyzing here amounts to 47 SNe (without observed GRBs).
3. OPTICAL SPECTROSCOPIC OBSERVATIONS Optical long-slit (1 ′′ wide) spectra of the locations of faded SNe were obtained with the 10-m Keck I telescope using the Low Resolution Imaging Spectrometer (LRIS; Oke et al. 1995) plus atmospheric dispersion corrector (ADC) on a number of nights 2007-2010. We generally employed a combination of the 300/5000 grism on the blue-side CCD and the 400/8500 grating on the red-side CCD Here we also include our Keck LRIS/ADC observations of stripped CCSNe in those cases where superimposed H II region emission lines were visible in the SN spectra (e.g., Modjaz et al. 2009; Silverman et al. 2009 ).
All optical spectra were reduced and calibrated with standard techniques in IRAF and our own IDL routines for flux calibration (Matheson et al. 2008) . For cases where the SN was still present, we eliminated the SN contribution following the successful method of Modjaz et al. (2008) . After correcting all spectra for 6 http://cfa-www.harvard.edu/iau/cbat.html .
their recession velocities we measured optical emissionline fluxes by fitting Gaussians to the individual lines via the splot routine in IRAF. For the derivation of the statistical errors, which typically amount to 5-10% of the emission-line fluxes, we follow Pérez- Montero & Díaz (2003) and, in part, Rupke et al. (2010) .
METALLICITY MEASUREMENTS
The nebular oxygen abundance is the canonical choice of metallicity indicator for studies of the interstellar medium (ISM), since oxygen is the most abundant metal, only weakly depleted, and exhibits very strong nebular emission lines in the optical wavelength range (e.g., Tremonti et al. 2004 ). Using our measured line fluxes of
, Hα, and Hβ, we correct for reddening via the Balmer decrement and the standard Galactic reddening law with R V = 3.1 (Cardelli et al. 1989) , and compute the gas-phase oxygen abundance via strong-line diagnostics.
We employ three independent and well-known calibrations: (1) the iterative method of Kewley & Dopita (2002) , as updated by Kewley & Ellison (2008) (henceforth KD02-comb); (2) the calibration by McGaugh (1991) (henceforth M91); and (3) the diagnostic of Pettini & Pagel (2004) (both PP04-O3N2 and N2), which is close to the direct electron temperature (T e ) scale. Moreover, we compute the uncertainties in the measured metallicities by explicitly including the statistical uncertainties of the line-flux measurements and those in the derived SN host-galaxy reddening, and propagate them into the metallicity determination. Since the PPO4-O3N2 scale utilizes ratios of lines that are very close in wavelength, the effects of uncertain reddening and scaling between the blue and red LRIS CCDs have negligible impact on the abundance measurements (something we tested). The independently published metallicities of SNe 2006jc (Pastorello et al. 2007 ), 2007uy, and 2008D (Thöne et al. 2009 ) agree with our values within the uncertainties.
5. RESULTS Figure 1 shows the cumulative distributions of local metallicities in each of the three scales for different types of stripped CCSNe: the ordinate indicates the fraction of the SN population with metallicities less than the abscissa value. The SN subtypes shown are SNe Ib (including SNe IIb), Ic, and Ic-bl (without observed GRBs), and their respective numbers for which the requisite emission lines for that diagnostic were available are given in the legend. Furthermore, we show confidence bands around each cumulative trend, which we computed via bootstrap with 10,000 realizations based on our metallicity measurements and their associated uncertainties. The metallicity measurements show well-known offsets between different scales (e.g., Kewley & Ellison 2008) ; however, in each scale, SNe Ic are more likely than SNe Ib to be found in metal-rich environments, while SNe Ic-bl (without observed GRBs) have environments that are similar in metallicity to those of both SNe Ib and SNe Ic. A Kolmogorov-Smirnov (K-S) test reveals that the probability that both the SN Ib and SN Ic local host-galaxy metallicities have been drawn from the same parent population is low: 1% (in PP04-O3N2), 7% (in KD02-comb), . SNe Ic (the demise of the most heavily stripped stars that lost much, if not all, of both their H and He layers) are systematically in more metal-rich environments than SNe Ib (SNe arising from less stripped stars that retained their He layer). This is a robust conclusion since the trend is independent of the adopted metallicity diagnostic. The PP04-O3N2 scale is least impacted by reddening and flux-calibration uncertainties. Note that in this study, the SN Ib subclass includes SNe IIb as well.
and 15% (in M91). The mean local metallicities in the PP04-O3N2 scale are 12 + log(O/H) = 8.49 ± 0.19 (for SNe Ib), with a standard deviation of the mean (SDOM) of 0.012; 8.66 ± 0.12 with SDOM of 0.010 (for SNe Ic); and 8.47 ± 0.21 with SDOM of 0.016 (for SNe Ic-bl). In all scales, SN Ic sites have oxygen abundances that are 0.14-0.20 dex higher than those of SN Ib.
Our results are somewhat at odds with those of Anderson et al. (2010) , who find a slight and insignificant difference between environmental metallicities of SNe Ib and SNe Ic in their sample from only targeted SN searches. We have no SNe in common with their sample, and a detailed comparison of the two different samples is required to resolve the discrepancy, which is beyond the scope of this Letter.
Tests for Possible Systematic Effects
While there are selection effects that went into our heterogeneous sample, none of them is expected to affect SNe Ib systematically more than SNe Ic, and hence should not be able to cause our observed trend. We checked that the SN survey mode does not explain the observed trend; indeed, both SNe Ib and SNe Ic were drawn in almost equal proportions from both targeted and untargeted surveys (Table 1) , and the relative difference in the metallicity of SN Ib and SN Ic environments is visible even when only comparing SNe from the same survey mode, albeit with more noise because of the smaller numbers of objects. Furthermore, we checked that both SNe Ib and SNe Ic span comparable redshift ranges, with median redshifts of 0.015 (for SNe Ib) and 0.017 (for SNe Ic). However, the broad-lined SNe Ic in our sample extend to larger redshifts, with a median of 0.043.
While some surveys may have difficulty discovering SNe in the central cores of bright galaxies, this detection difficulty does not appear to affect one SN type more than another in our SN sample: from Table 1 , most of the SNe included here were found far from the central 1 ′′ , and those SNe that have offsets less than 1 ′′ comprise all types (SN Ib, Ic, Ic-bl). The only strong selection effect in our sample is that we require H II region emission lines to be present at the SN position with which we can determine the ISM oxygen abundance, meaning that the SN location has to have had a large amount of recent (i.e., a few million years) star-formation activity. However, this requirement affects SNe Ib and SNe Ic equally since our objects sample the same redshift range.
Supernova Progenitors with Metallicity-Driven
Winds? A reasonable suggestion for why the environments of SNe Ic are more metal rich than those of SNe Ib is that metallicity-driven winds (Vink & de Koter 2005; Crowther & Hadfield 2006) in the progenitor stars prior to explosion are responsible for removing most, if not all, of the He layer whose spectroscopic nondetection distinguishes SNe Ic from SNe Ib. This explanation may favor the single massive WR progenitor scenario as the dominant mechanism for producing SNe Ib/c (Filippenko & Sargent 1985; Woosley et al. 1993) , at least for those in large star-forming regions ( § 5.1). While the binary scenario has been suggested as the dominant channel for numerous reasons (see Smartt 2009 for a review; Smith et al. 2011), we cannot assess it in detail, since none of the theoretical studies (e.g., Eldridge et al. 2008 , and references therein) predict the metallicity dependence of the subtype of stripped SN. However, our results are consistent with the suggestion of Smith et al. (2011) that SNe Ic may come from stars with higher metallicities (and masses) than SNe Ib, even if they are in binaries.
The distribution of the SNe Ic-bl is puzzling: SNe Icbl seem to occur at metallicities between those of SNe Ib and SNe Ic, except GRB-SNe which are found at very low metallicities (but see Soderberg et al. 2010; Levesque et al. 2010a ; also see Levesque et al. 2010b for other GRB host metallicities). This may indicate another key ingredient beyond metallicity for producing or-dinary SNe Ic-bl, perhaps magnetic fields.
We find only a factor of 5 difference between the lowest metallicity Z for SNe Ib and the highest metallicity for SNe Ic. Since the mass-loss rateṀ is proportional to Z 0.86 (Vink & de Koter 2005) , this difference in Z would imply a maximum factor of 4 difference iṅ M between SN Ib and SN Ic progenitors. The question remains whether this small difference inṀ is enough to be responsible for removing all of the He layer, or other factors are responsible that have a higher dependence on metallicity than line-driven winds, or the metallicity trend simply correlates with another property such as progenitor mass (Kelly et al. 2008; Anderson & James 2008 ) that may determine the SN outcome. All observations and theoretical work (see Bastian et al. 2010 for a review) indicate that the initial mass function is universal at the metallicities found herein.
Our results validate the independent hypothesis of Arcavi et al. (2010) , which was based on indirect data: as an explanation for the fact that none of the 15 CCSNe found by the Palomar Transient Factory (PTF) in dwarf galaxies (M R < −18 mag) was a SN Ic, Arcavi et al. (2010) suggest that SNe Ic do not occur at low metallicity since low-luminosity galaxies usually have low metallicity, in contrast to SNe Ic-bl of which two were found by PTF in dwarf hosts. Here we have supporting direct evidence; we show that SN Ic host environments have systematically higher metallicities than those of SNe Ib, while those of SNe Ic-bl encompass both low and high abundances. Nevertheless, it is important to measure metallicities directly and not rely on the host-galaxy luminosity (L) as a proxy, as we show next.
The Need for Local Metallicity Measurements
Since we possess direct local metallicity measurements, here we test whether SN host-galaxy luminosity and measured nuclear metallicity is a good proxy for the local SN metallicity, as assumed in some studies. To that end, we drew the SN host-galaxy luminosities from the LyonMeudon Extragalactic Database (HyperLEDA) 7 as their sample has been homogeneously compiled, and adopt their reported absolute B-band magnitudes, M B , in Table 1. Note that the lowest-luminosity SN host galaxies are from untargeted surveys. Furthermore, 14 galaxies in our sample have nuclear SDSS spectra and their PP04 metallicities were taken from SDSS 8 . In Figure 2 we plot the measured oxygen abundance (on the PP04-O3N2 scale) at the position of stripped CCSN vs. the SN host-galaxy luminosity, and for comparison the oxygen abundance as would be inferred from the SDSS L-Z relationship (Tremonti et al. 2004) including 1σ uncertainties. For consistency, we have converted the L-Z relationship from Tremonti et al. (2004) to the scale of PP04-O3N2 using the empirical calibrations of Kewley & Ellison (2008) . Figure 2 demonstrates that nuclear metallicity when derived from the SN host luminosity is not a good proxy for the local oxygen abundance of the environments of SNe: the local metallicities are often lower than the inferred central ones (because of metallicity gradients; van Zee et al. 1998 ), but also occasionally larger (e.g., Young et al. 2010) , and in most 7 http://leda.univ-lyon1.fr/ . 8 http://www.mpa-garching.mpg.de/SDSS/DR7 (Tremonti et al. 2004 ), converted to PP04-O3N2 (solid line) including 1σ uncertainties (dashed lines). The nuclear metallicity as derived from the SN host luminosity using the SDSS relationship is not a good proxy for the local oxygen abundance of SN environs. Here, we adopt a solar oxygen abundance of 12 + log(O/H) = 8.69 (Asplund et al. 2009 ), but note that the exact value of the solar abundance has no impact on our conclusions. SNe found in targeted SN surveys are designated by extra circles, squares, and diamonds. The representative systematic error of 0.14 dex for the PP04-O3N2 scale is shown in the bottom-right corner.
cases more deviant than the 1σ metallicity uncertainties (i.e., 0.16 dex) would indicate from SDSS. The differences between the predicted central and the measured local metallicity values range from −0.4 dex to +0.5 dex (up to 3σ away from the SDSS L-Z value), with a median of 0.2 dex. Moreover, the nuclear PP04-O3N2 metallicities are deviant from the local values by an average of 0.13 dex, with extremes as large as 0.24 dex, and always more deviant than our measured uncertainties. Thus, we conclude that nuclear metallicities are not a good measure of local metallicities.
6. CONCLUSIONS We present a statistically significant sample of 35 new host-galaxy spectra of stripped CCSN (SNe IIb and Ib, SNe Ic, and SNe Ic-bl), and in combination with published host-galaxy spectra, we perform robust, uniform, and direct determination of their local metallicity. The aim is to search for metallicity trends that may let us differentiate between various debated SN Ib/c progenitor scenarios. We find that the environments of SNe Ic are systematically more metal rich in three scales than those of SNe Ib (on average by 0.14-0.20 dex in all scales), with a K-S test yielding very small probabilities that they are drawn from the same parent population. We also show that SNe Ic-bl (without GRBs) are intermediate to those other classes.
For the future, we recommend this kind of detailed local metallicity study for all subtypes of CCSNe from galaxy-impartial, large, and deep photometric surveys (e.g., PTF, Pan-STARRS, Skymapper, LSST) in order to comprehensively understand the impact of metallicity on massive stellar death, as well as to compute cosmologically important parameters, such as SN rates, as a function of metallicity.
Note added in proof: After our manuscript was accepted, Leloudas et al. (2011) appeared on the arXivserver on a similar topic. While we corrected one SN identification based on their work, we are not able to make more comparisons at this time.
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Note. -SNe above the horizontal line: Local host-galaxy spectra are presented and analyzed here for the first time. SNe below the horizontal line: we measu line fluxes and computed oxygen abundances from previously published spectra. a SN Discovery Type: T = SN host galaxy was targeted; Non-T = SN host galaxy was not targeted. b Sample and data from Modjaz et al. (2008) , which uses the same technique as this work. c Remeasured from spectrum in Sahu et al. (2009) . d Measured from spectrum in Stritzinger et al. (2009) .
